The objective of this study is to evaluate (in vitro and in vivo) seven plant extracts and their liquid fractions against four Penicillium italicum isolates. The in vitro study revealed that a concentration 520 µg/ml of crude extract of sticky fleabane leaves or cinnamon bark generated maximum percentage inhibition of 54% and 43%, respectively, against tested fungal isolates. A concentration of 130 µg /ml from each extract (except harmal and garlic where, 390 µg/ml were required) caused complete inhibition of fungal growth of isolates Pi.1 and Pi.3 infecting orange fruit. A concentration of 130 µg/ml of nightshade fruit, fenugreek or sticky fleabane extract inhibited completely the growth of isolates Pi.3 and Pi.5 infecting lemon fruits, whereas a concentration of 390 µg/ml was required to inhibit the growth of isolate Pi.1. Methanolic fractions of cinnamon, garlic or sticky fleabane completely inhibited the growth of fungal isolates. The IC 50 values for these fractions were found to be in the range of: 11.2-24; 30.25-31.50; 25.0-36.0 µg/ml, respectively.
INTRODUCTION
The filamentous fungus Penicillium italicum Wehmer (blue mould) causes a universal post-harvest disease of almost all kinds of citrus fruit (Prusky et al. 2004) . Economic losses caused by post-harvest pathogens are greater than is often realized and the avoidable losses between the farm gate and the consumer are of considerable concern (Soylu et al. 2005) . However, consumers' demand for pesticide-free food and the development of pathogen strains resistant to currently used fungicides, in addition to the ineffectiveness of such pesticides, necessitate the development of environmentally safer control options for post-harvest diseases (Hammer et al. 1999) . Plant extracts and their essential oils are one of several non-synthetic chemical control options that have recently received attention for controlling plant diseases (Soylu et al. 2005; Abad et al. 2007) . The methanolic extract of fenugreek was potent in inhibiting dermatophytes and Candida albicans (Shtayeh and Abu Ghdeib 1999; Olli and Kirti 2006) . Extracts of harmal seeds and roots were found to contain a mixture of active alkaloids, and among these harmaline was the most active antifungal agent (Telezhenetskaya and Dyakonov 2004) . The chemical constituents of garlic bulb had shown inhibitory activity against several microbes including bacteria, fungi and viruses (Yoshida et al. 1987; Elsom 2000) . The antifungal activity of garlic is attributed to the main biologically active component of garlic extract termed allicin (Marino et al. 2001) . Similarly, an allicin derivative, the compound ajoene, has shown antifungal activity against Aspergillus niger, C. albicans and Paracoccidioides brasiliensis (Gurib-Fakim et al. 2005) . Concerning the activity of cinnamon bark constituents, eugenol as well as cinnamaldehyde have consistently been reported to have antifungal activity (Delaquis et al. 2002) . Extensive studies were conducted to elucidate the nature and the biological activity of sticky fleabane extracts (Wang et al. 2004) . All types of sticky fleabane extracts proved to have significant antifungal activity where the oily leaf paste made with organic solvents exhibited the greatest in vitro antifungal efficacy against dermatophytes, Candida spp and downy mildew (Cafarchia et al. 2002; Cohen et al. 2006) . Furthermore, a sesquiterpene lactone isolated from I. viscosa flowers possessed in vitro efficacy against Microsporum canis, M. gypseum and Trichophyton mentagrophytes (Abu Zarga et al. 1998; Cafarchia et al. 2002) . The herbaceous annual plant nightshade, due to its high content of steroidal alkaloids, showed antifungal activity against 11 agronomically important fungi including: Aspergillus spp, Rhizopus spp, Fusarium spp, Mucor mucedo, Bipolaris oryzae and Rhizoctonia solani (Muto et al. 2006; Zhou et al. 2006; AL-Fatimi et al. 2007) . The current investigation aimed at in vitro and in vivo evaluation of seven plant extracts and their fractions for the control of P. italicum. Plant extracts were obtained from
Media
Aspergillus nidulans complete medium (CM) described by Cove (1966) was used [it gave maximum zone of growth as compared to potato dextrose agar (PDA) media] with slight modification (i.e. pH 6, supplemented with 10 mM proline) in order to achieve optimal growth conditions for various isolates of P. italicum.
Purification of fungal isolates
Conidiospore suspensions in a 5 ml physiological saline/Tween 80 (0.05%) solution were harvested from each isolate to give a concentration of approximately 1×10 8 spores per milliliter. An aliquot of 100 µl from a dilution of 10 -6 or 10 -7 was plated again on complete media to confirm purity and identity of the culture (Zhang et al. 2004) .
Optimal growth conditions of fungal isolates
Nine replicates (for each condition tested) of conidiospore suspensions (20 µl) from each tested isolate were inoculated into complete media, having different pH regimes (i.e. 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8 .0, and 9.0) for optimal pH testing. At pH 6.0 (optimal pH), L-proline at a concentration of 10 mM was the best nitrogen source used among the following compounds: NH 4 + , NO 3 -, Urea; L-proline, L-lysine, L-arginine, L-adenine, L-glutamine, and L-histidine. In addition, inoculated plates of complete media adjusted to optimal pH 6.0, and supplemented with 10 mM proline were incubated at five temperature regimes (i.e.
10°C, 20°C, 25°C, 30°C, 37°C) in order to determine the optimal temperature of growth. Also, various carbon sources (glucose, sucrose, sorbitol, fructose, and maltose) were tested at a final concentration of 10 g/l to determine the best carbon source (glucose). Each group of nine replicates were incubated for 5 days, at 25°C (optimal temperature) or at the tested temperature, and the radius of each growing colony measured in two directions at right angles to each other.
Preparation of extracts
Plant material was dried in the shade, ground to a fine powder in liquid nitrogen and extracted (48 h) with absolute ethanol in a soxhlet apparatus (Ndukwe et al. 2006) . The solvent was removed using rotary evaporator (Heidolph, VV2000) under reduced pressure at temperatures below 50°C. The resulting crude extracts were stored at -20°C until assayed. Stock solutions and serial dilutions of extracts and fractions were prepared in dimethylsulphoxide (DMSO) (Ambrozin et al. 2004) . Control experiments were performed using DMSO at the same concentration as used to test the extracts. Extracts were dissolved in DMSO and evaluated for their ability to inhibit the growth of P. italicum isolates.
Fractionation of crude plant extracts
Each crude extract sample was fractionated with a 1:1 ratio of water /dichloromethane (v/v). The resultant aqueous fraction was further extracted with dichloromethane, concentrated to dryness using rotary evaporation and stored in sterile containers at 4°C until used. The dichloromethane fraction was concentrated to dryness using rotary evaporation, and diluted with n-hexane/90% methanol (1:1). The hexane and methanol fractions were concentrated to dryness using rotary evaporation and kept in sterile containers at 4°C until used. Each fraction was dissolved in (v/v) dimethylsulphoxide (Souza-Fagundes et al. 2002) .
Surface sterilization of citrus fruit
After preliminary washing under running tap water for 5 minutes, fruit was washed with 6% sodium hypochlorite solution by shaking and rubbing with a paint brush. This was followed by immersion in sterile distilled water for two minutes, surface sterilization in 70% ethanol for another two minutes and finally placing inside a laminar flow cabinet.
Antifungal activity assay by the agar well diffusion method
An aliquot of 100 µl spore suspension (1x10 8 spores/ml) of each isolate was streaked in radial patterns on the surface of complete media plates. Wells of 6 mm diameter were made in the medium and each was filled with a certain concentration (0.65, 1.3, 13, 32, 65 , and 97 µg) of crude extract. DMSO was used as a control for the ethanolic extracts. The cultured plates were incubated for 3-5 days at 25°C. The zone of inhibition was measured in two directions at right angles to each other. Experiments were carried out with three replicates per treatment and each treatment was repeated at least twice (Ndukwe et al. 2006) .
Antifungal assay of crude extracts and their fractions by amended agar method
Each crude extract was fractioned to provide three fractions, aqueous, hexane and methanolic. Also the emulsion was tested that may sometimes form between layers. Stock solutions of each fraction were filter sterilized through a 4 µm Millipore filter (Soylu et al. 2005) . Each concentration (130, 260, 390 and 520 µg/ml) of the crude extracts or their fractions (5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 µg/ml) from plant species were amended on the surface of solidified complete media. 20 µl of conidiospore suspension (1x10 8 ) from each of the isolates were pipetted and left as drops on the surface of the amended media and incubated at room temperature for at least one hour until the liquid became completely absorbed. Three inocula per isolate/plate and three replicate Petri plates were used per treatment and each treatment was repeated at least twice. Along with each treatment, 20 µl dimethylsulfoxide (DMSO) were replicated as above and used as controls for the ethanolic extracts. The inoculated Petri dishes were incubated for 3-5 days at optimal temperature (25°C). Colony diameter was determined by measuring the average radial growth of each tested isolate. The radius of the growing colonies was measured in two directions at right angles to each other. The Minimal Inhibitory Concentration (MIC) was defined as the lowest concentration of the extract inhibiting the visible growth of each isolate (Obagwu and Korsten 2003) .
Determination of sensitivity of fungal strains to plant crude extracts or fractions
The percentage of mycelial growth inhibition by each extract or fraction concentration was calculated from the mean colony diameter (mm) on medium without plant fraction (control) and from the mean colony diameter (mm) on each fraction amended plate (zone of growth). A linear regression of percent inhibition versus plant fraction concentration estimated to produce 50% growth inhibition (IC 50 ) was determined from the regression equation or by interpolation from the regression line. Percentage inhibition of mycelial growth was determined using the following formula (Nwachukwu and Umechuruba 2001) .
where: % MGI denotes: % of mycelial growth inhibition : mean diameter (mm) of control colony on non-amended medium xi: mean diameter (mm) of tested colony replicates on a single crude extract or fraction amended plate (zone of growth).
Fruit inoculation with conidiospores and plant extracts
Fruit was wounded (2-wounds per fruit) at the equatorial side with a sterile stainless steel scalpel where each wound was about 4 mm long and 2 mm deep (Zhu et al. 2006) . 15 µl of conidiospore suspension from each isolate were inoculated under aseptic conditions into each wound using a micropipette. Two hours later, each wound was inoculated with a pre-determined concentration from each plant extract. Control fruit was subjected to the same treatments except that sterile distilled water was used instead of plant extract. At least two replicates were used for each treatment and each test was repeated twice. The treated fruits were labeled, sealed in moistened sterile transparent nylon bags and incubated at 22°C to 25°C for two weeks before assessing decay or fungal growth symptoms.
Statistical analysis
The concentration of plant crude extract or fraction producing 50% growth inhibition (IC 50 ) was calculated by regression analysis to determine the relationship between the size of inhibition zone (mm) and the concentration (µg) of crude extract or fraction (log value) using Microsoft Excel 2003 and SPSS program version 10.
RESULTS

Sensitivity of P. italicum isolates to plant crude extracts as determined by the agar well diffusion method
Results of regression analysis for the relationship between the size of inhibition zone (mm) and plant extract concentration (log value) indicated that there was a significant correlation between the concentrations of cinnamon extract used and the average inhibition zones for the four isolates (Pi.1, Pi.3, Pi.5 and Pi.6) of P. italicum. The correlation coefficient values observed for these fungal isolates were: r = 0.878 * , p = 0.022; r = 0.877 * , p = 0.022; r = 0.842 * , p = 0.036, and r = 0.879 * , p = 0.021, respectively. A concentration of 97 µg/ml cinnamon extract resulted in mean inhibition zones of 24.83, 23, 20.17, and 18 .83 mm for the four fungal isolates, respectively. However, the results indicated that the range of concentrations from 0.65 µg/ml to 97 µg/ml nightshade fruit or leaves, fenugreek seeds or sticky fleabane leaf extracts showed no inhibitory effect on the growth of four P. italicum isolates (i.e. zero zone of inhibition).
Sensitivity of P. italicum isolates to plant crude extracts as determined by amended agar method
The data presented in table 1 show that the concentrations of sticky fleabane extract tested were significantly correlated [at the 0.01 and 0.05 levels of significance] with the percentages of inhibition zones in isolates Pi.1, Pi.3, Pi.5 and Pi.6. Sticky fleabane leaves followed by cinnamon bark extract were observed to be the most effective against P. italicum isolates. Whereas 520 µg/ml sticky fleabane extract resulted in hyphal growth inhibition values of 54.09%, 53.73%, 52.85% and 46.32% for isolates Pi.3, Pi.5, Pi.6 and Pi.1, respectively, the the same concentration (i.e. 520 µg/ml) of cinnamon bark extract gave percentage inhibition values of 24.59, 35.64, 43.53 and 41.59 . Regarding the effect of the remaining plant materials (Table 1) , fungal isolates Pi.6 and Pi.5 were observed to be more susceptible (i.e. showed the highest % of fungal growth inhibition) to extract activity than isolates Pi.1 and Pi.3 with 520 µg/ml of extract type. An exception to this pattern was the nightshade leaf extract.
Sensitivity of P. italicum isolates to plant crude extract fractions
The results of regression analysis are presented in table 2. These data indicate that the concentrations of cinnamon and garlic methanolic fractions tested showed significant correlation (at either the 0.01 or the 0.05 level of significance) with the percentages of hyphal growth inhibition for P. italicum isolates Pi.1, Pi.3, Pi.5 and Pi.6. 20 µg/ml cinnamon methanolic fraction completely inhibited the growth of isolate Pi.1 whereas similar levels of inhibition were obtained at a concentration of 30 µg/ml for isolates Pi.3, Pi.5 and Pi.6. In addition, the IC 50 values obtained for isolates Pi.1, Pi.3, Pi.5 and Pi.6, were observed to be 11.2, 23.4, 24 and 24 µg/ml, respectively. However, the garlic methanolic fraction completely inhibited the growth of the four isolates at a concentration of 40 µg/ml, with IC 50 values obtained against isolates Pi.1, Pi.3, Pi.5 and Pi.6 of 31.5, 31.25, 30.5 and 30.25 µg/ml, respectively. The methanolic fraction of sticky fleabane leaves was highly effective against the growth of P. italicum isolates, where complete inhibition of isolates Pi.1 and Pi.3 growth was achieved at all concentrations tested (Table 2) . In contrast, such inhibition was obtained at a concentration of 60 and 80 µg/ml against isolates Pi.5 and Pi.6, and this is reflected by IC 50 values of 25, 25, 34.5 and 36 µg/ml, respectively. However, none of the concentrations of fenugreek, harmal, nightshade leaves or nightshade fruit methanolic fractions resulted in complete inhibition of fungal growth. In comparison, a concentration of 20 µg/ml cinnamon hexane fraction completely inhibited the growth of the four P. italicum isolates and the IC 50 values obtained for isolates Pi.1, Pi.3, Pi.5 and Pi.6 reached 13, 13.75, 14, and 13 µg/ml, respectively. The hexane fraction of nightshade leaves extract completely inhibited hy- (130, 260, 390 , 520 µg/ml) of crude extracts was used from each plant type against tested isolates of P. italicum c mean diameter (mm) of control colony (zone of growth) on non-amended medium for isolate Pi1 = 31.67±0.82; Pi3 = 30.5±0.84; Pi5 = 31.33±1.86; Pi6 = 32.17±1.94 d % of mycelial growth inhibition was determined from the mean diameter (mm) of control colony on non-amended medium and that tested on amended plate (zone of growth) e correlation coefficient values f level of significance at the 0.05 and 0.01 levels (2-tailed) g regression analysis for the relationship between the size of inhibition zone (mm) and the concentration [µg] of crude extract or fraction (Log-value) . Values are means of six replicates and each experiment was repeated at least twice * correlation is significant at the 0.05 level (2-tailed) ** correlation is significant at the 0.01 level (2-tailed) (2-tailed) . Values are means of ± SD of at least two independent experiments * correlation is significant at the 0.05level (2-tailed) ** correlation is significant at the 0.01 level (2-tailed) phal growth of isolates Pi.1 and Pi.3 at a concentration of 90 µg/ml with the IC 50 values for these isolates 80 and 73.5 µg/ml, respectively. However, isolates Pi.5 and Pi.6 yielded fixed inhibition percentage values at concentrations of 80 and 90 µg/ml (Table 2 ). In contrast, none of the concentrations of harmal, sticky fleabane, garlic, fenugreek or nightshade fruit hexane fractions tested gave complete inhibition of fungal growth. However, highly reduced non-conidiating growth was observed with the sticky fleabane leaf fraction. Concerning the effect of aqueous fractions on fungal growth inhibition, the data presented in table 2 indicate that the cinnamon fraction was more effective against isolates Pi.1 and Pi.5 (but not Pi.3 and Pi.6) where complete inhibition of fungal growth was obtained at concentrations of 70 and 80 µg/ml, and this was reflected by IC 50 values of 61.25 and 58.5 µg/ml, respectively. However, no complete inhibition of any of the isolates was observed by the same fraction or the layer between fractions from the remaining plants tested.
Sensitivity of P. italicum isolates infecting lemon fruit to crude plant extracts
The results presented in table 3 indicate that the lemon fruit treated with plant extracts were more susceptible to fungal infections than orange fruit. However, extracts of fenugreek seeds, harmal seeds and sticky fleabane leaves were the most effective in terms of growth restriction of isolate Pi.1 infecting lemon fruit, where complete inhibition of fungal growth was achieved at a concentration within the range of 390 to 520 µg/ml. However, the growth of isolate Pi.3 on lemon fruit was highly susceptible to nightshade fruit and sticky fleabane extracts, where complete inhibition of fungal growth was obtained at all concentrations tested i.e. within the range of 130 to 520 µg/ml (Fig. 1a) . Furthermore, nightshade fruit (Fig. 1b) and fenugreek extracts (Fig. 1c) were the most effective against the growth of fungal isolate Pi.5 (which infects lemon fruit), with complete inhibition within the concentration range 130 to 520 µg/ml. Log-value) . Values are means of two replicates and each experiment was repeated at least twice e C.I denotes complete fungal growth inhibition * correlation is significant at the 0.05 level (2-tailed) ** correlation is significant at the 0.01 level (2-tailed)
Sensitivity of P. italicum isolates infecting orange fruit to crude plant extracts
Orange fruit treated with the plant extracts were observed to be more tolerant to fungal infections than lemon fruit (Table 4) . Complete growth inhibition of isolate Pi.1 infecting orange fruit was achieved at a concentration of 130 µg/ml when the fruit was treated with extracts of nightshade fruit, nightshade leaves, fenugreek seeds and sticky fleabane leaves. However, such inhibition of Pi 1 growth was achieved at a concentration of 390 µg/ml of cinnamon bark and garlic cloves extracts, whereas harmal seed extract resulted in growth inhibition at 260 µg/ ml. In addition, the growth of isolate Pi.3 was completely inhibited on orange fruit when the fruit was treated with 130 µg/ml of the following extracts: nightshade leaves, cinnamon bark (Fig. 1d) , fenugreek seeds and sticky flea- bane leaves. However, 390 µg/ml of garlic cloves (Fig. 1e) or harmal seed extract also resulted in complete inhibition of isolate Pi.3 on orange fruit. Moreover, the growth of isolate Pi.5 infecting orange fruit was completely inhibited with 520 µg/ml of the following plants extracts: nightshade fruit, fenugreek and harmal seeds, whereas such inhibition was obtained at a concentration of 390 µg/ ml of cinnamon bark and sticky fleabane extracts (Fig. 1f) . Log-value) . Values are means of two replicates and each experiment was repeated at least twice e C.I denotes complete fungal growth inhibition * correlation is significant at the 0.05 level (2-tailed). ** correlation is significant at the 0.01 level (2-tailed)
DISCUSSION
Our results demonstrate that crude extracts as well as liquid fractions of sticky fleabane, cinnamon, garlic, harmal, fenugreek and nightshade plants possess effective in vitro and in vivo antifungal activity against P. italicum isolates. Moreover, extracts of sticky fleabane, harmal and fenugreek generated complete growth inhibition of fungal isolates infecting both lemon and orange fruit. In addition, extracts of cinnamon and nightshade leaves caused complete inhibition of isolates infecting orange fruit, while garlic extract showed such inhibition to isolates that infect lemon fruit.
The present study also showed that cinnamon extract possesses high activity against the fungal isolates of P. italicum, where the crude extract as well as methanolic, hexane and aqueous fractions gave complete inhibition of fungal growth. The antifungal activity of cinnamon may be related to active antimicrobial agents present in the extract and fractions including mainly cinnamaldehyde and eugenol as well as cinamic acid, flavonoids, alkaloids, tannins, anthraquinones, and phenolic compounds. This explanation is in agreement with the findings of Rojas and co-workers (1992) who identified such components as active antifungal agents. Furthermore, eugenol and cinnamaldehyde have been consistently reported by several research groups to be the main components of cinnamon exhibiting high fungitoxic activity (Gulab et al. 2005) . In addition, cinnamaldehyde has been considered as a specific inhibitor of fungal cell wall synthesizing enzymes including ß-(1,3)-glucan synthase, a participant in biosynthesis of chitin and ß-glucans, the major structural components of the fungal cell wall (Cowan 1999) . The results indicate that the crude extract and methanolic fraction of sticky fleabane possess high efficacy against P. italicum isolates. These findings agree with those of Wang et al. (2004) who suggested that Inula extract has broad spectrum activity against several fungal species infecting various crop plants. In addition, results presented by Cohen et al. (2002) indicated that extracts of I. viscosa prepared using organic solvents showed in vitro antifungal activity as well as an inhibitory effect on chitin biosynthesis. Such strong inhibitory activity may be related to a high content of flavonoids, phenolic compounds and anthraquinones present in methanolic and aqueous fractions of I. viscosa. These observations broadly agree with those proposed previously by other researchers (Shtayeh and Abu Gheleib 1999; Cohen et al. 2002) . In contrast, our results disagreed with the findings of Muller-Riebau and co-workers (1997) who found small amounts of antifungal essential oil or phenolics. They concluded that the plant has no economic value for producing antifungal preparations.
Our results indicate that harmal extract was the second most effective preparation against P. italicum growth in vitro. In contrast none of its fractions provided complete inhibition of fungal growth. A strong inhibitory activity of the crude extract may be related to the high content of alkaloids (harmine, harmaline and tetrahydroharmine) and phenolic compounds. Phenolic compounds might alter fungal cell permeability and thus permit loss of macromolecules (Rasooli 2004) . The exact mode of action of phenols has not been determined, but they may inactivate essential enzymes, react with cell membrane proteins or even disrupt function of the genetic material (Telezhenetskaya and Dyakonov 2004) .
Garlic extract was not effective in terms of completely inhibiting the growth of P. italicum isolates as compared to the activity of the methanolic fraction that caused complete inhibition (in vitro). However, garlic extract was more effective against fungal isolates infecting lemon fruit. Surprisingly, a remarkable improvement in its activity was observed when extraction was performed in presence of a small volume of olive oil which slows down the breakdown process of allicin (Marino et al. 2001; Obagwu and Korten 2003) . The strong antifungal activity of garlic is related to allicin (dially thiosulfinate: the main biologically active component) which reflects inhibitory activity against enzymes essential for pathogen infection (Marino et al. 1999) .
Similarly, ajoene, which is an allicin derivative, also exhibited strong inhibitory activity against several fungal species including Aspergillus niger and Candida albicans (Gurib-Fakim et al. 2005) . Furthermore, Yoshida et al. (1987) reported that ajoene was superior to allicin in the efficacy of fungal growth inhibition since it disrupts the fungal cell wall. Moreover, morphological changes such as disappearance of surface ornaments, thickening of cell wall and destruction of cell organelles may lead to the conclusion that ajoene has acted on the cell wall (Masperi et al. 1984; Yoshida et al. 1987) . These findings agreed also with those of Soylu et al. (2005) who stated that the aqueous extract of garlic causes morphological alterations in the hyphae of several fungal species including Pythium ultimum, Rhizoctonia solani, Colletotrichum lindemuthianum and Fusarium solani. Such hyphae appeared smaller in diameter after treatment with garlic extract.
A crude extract of fenugreek displayed the third most effective antifungal activity however complete inhibition of fungal growth was not observed. The fenugreek plant lacks flavonoids but is rich in alkaloids (in both the methanolic and aqueous fractions)and phenolic compounds (aqueous layer). However, the fractionation process might have weakened their cumulative activities against fungal growth. It has been reported that the methanolic extract of fenugreek was highly specific for dermatophytes (Shtayeh and Abu Ghdieb 1999; Olli and Kirti 2006) . In addition, fenugreek extract showed antifungal activity against other fungal species. For instance, Olli and Kirti (2006) reported that the Tfg d1 protein (defensins of fenugreek) possessing eight cysteine residues plays a vital role in inhibiting the spread of R. solani causing crescent growth inhibition. A reduced in vitro but not the in vivo antifungal activity observed with the crude extract and fractions of nightshade leaves and fruit could be related to the presence of many steroid alkaloids (solamargine, solasomine, solamine and saponin) in the layer between fractions. These steroid alkaloids have been shown to display antifungal activity against eleven agronomically important fungi including Aspergillus spp., Rhizopus spp., Fusarium spp. and others (AL-Fatimi et al. 2007 ).
Several studies have been conducted to shed light on the mechanism(s) of action of several active components plant extracts including essential oils (Chang et al. 2001) . However, such mechanisms are still unclear although some studies suggested that these compounds penetrate inside the cell, where they interfere with cellular metabolism (Marino et al. 2001) . Other studies suggested that plant extracts can disrupt the plasma membrane of fungal cell and react with active sites of membrane proteins or enzymes or even act as a proton carrier and consequently deplete the adenosine triphosphate pool (Chang et al. 2001; Ultee et al. 2002) . A comparative study with results from previous work which involved the use of the same plants materials against P. digitatum isolates revealed that the plant materials were more effective in controlling the growth of P. digitatum isolates (Kanan and AL-Najar 2008) . In addition complete inhibition of P. digitatum isolates was obtained with the crude extracts of nightshade fruit, cinnamon bark and fenugreek seeds at MIC values within the range of 130-520 µg/ml. Conversely, none of the extracts produced complete inhibition of P. italicum isolates (Kanan and AL-Najar 2008) . Furthermore, methanolic fractions of all the plants tested (except fenugreek) caused complete inhibition of P. digitatum isolates, whereas with P. italicum isolates only cinnamon, garlic and sticky fleabane methanolic fractions resulted in complete inhibition. Moreover, the hexane fraction of all plants tested (except fenugreek and garlic) resulted in complete inhibition of P. digitatum whereas with P. italicum isolates only cinnamon and nightshade leaves produced complete inhibition (Kanan and AL-Najar 2008) . Notwithstanding, the findings of both research studies revealed that fenugreek crude extract as well as its fractions were ineffective in controlling the growth of fungal isolates of both species. Finally, the garlic methanolic fraction was the only fraction that caused complete inhibition of isolates from both tested Penicillium species (Kanan and AL-Najar 2008) .
